Background: Incidence of skin cancer is increasing worldwide and UV exposure at a young age is an important risk factor. Objectives: To compare sun exposure-related knowledge and behaviour among children during school and holiday periods. Material & Methods: A crosssectional study was undertaken at 12 Oporto public primary schools. Educational sessions for educators were head by dermatologists every spring from 2004 to 2012. An educational activity book, Play and Learn with Jo Spots, was distributed to all primary school children and was explained by the educators every year. A questionnaire about sun exposure and behaviour was given to students in 2004 and 2012. Results: In total, 2,114 students answered the questionnaire (1,233 in 2004 and 881 in 2012). Children practiced more outdoor sports in 2012 than in 2004 (86% vs 56%; p<0.001), but spent less time outside when the sun's rays were most dangerous. The use of hats (64% vs 59%; p = 0.028) and sunscreen (35% vs 15%; p<0.001) at school and the application of sunscreen before going to the beach improved over time (51% vs 26% in 2004; p<0.001). However, there was an increase in sunburn rate (43% vs 37%; p = 0.005). Conclusion: Sun exposure-related behaviour among primary school students in Oporto is improving but is still far from optimal. School would appear to be an adequate setting for effective and long-lasting sun protection interventions, and the introduction of educational books at schools, such as Play and Learn with Jo Spots, might be effective in bringing about positive behavioural changes.
T he incidence of skin cancer has increased steadily in recent decades, and a direct correlation with sun exposure, especially at a young age, has long been recognized [1, 2] . UV protection measures should start in early childhood [3] , since avoidance of intense sun exposure and adoption of behaviours that limit sun exposure are likely to decrease the risk of skin cancer (including melanoma) in adulthood [4] . Children spend a large part of their time at school, and schools can thus play an important role in helping to protect them from UV exposure [5] . Because knowledge, beliefs, and behaviours acquired during childhood are difficult to change later in life [6] , regular primary prevention activities targeting children are important for bringing about longlasting changes in sun-protective behaviour [7] [8] [9] . The aim of this study was to analyse sun exposure-related behaviour and knowledge among children during school and holiday periods, and to assess the possible impact of an educational activity book on appropriate sun protection behaviour; the book in question, Play and Learn with Jo Spots, was introduced to primary schools in Oporto, Portugal in 2003. A greater understanding of children's practices will help to identify strategies for improving sun-related knowledge and behaviour and minimise UV exposure for this high-risk age group.
Materials and methods
An observational cross-sectional survey study was performed. Schools and students were selected according to their availability. Parents were informed and consented to the study. The survey was conducted at 12 public primary schools in Oporto in June 2004, prior to the introduction of the activity book, Play and Learn with Jo Spots. The survey was then repeated eight years later (in June 2012) at the same schools. The survey was conducted in schools that were not included in the pilot study of 2003. The survey was based on a questionnaire (supplementary material 1) that contained demographic questions related to the children and their schools; questions on sun-exposure behaviour during school and holiday periods, and seven true or false questions to test their knowledge. The questionnaire was designed specifically for children following a review of the relevant literature [2, 6, 10, 11] , and was validated using 1,472 students in a pilot study in 2003 [12] 
Statistical analysis
Data analysis was performed using contingency tables and the 2 test for independence. Statistical significance was established at a p value of less than 0.05.
Results
A total of 2,114 questionnaires were completed; 
Discussion
Despite the limitations of our study (reliance on a selfassessment method and a long period between the first and second cohort survey), the results highlight several relevant points. Our comparison of data for 2004 and 2012 shows that, overall, sun exposure-related behaviours among primary school students in Oporto are improving. More children are using hats and sunscreens, and while the practice of outdoor sports has increased, exposure has decreased during the time of day when the sun's rays are most dangerous. The behavioural changes detected during holiday periods are somewhat contradictory. We observed an increase in sunburn rates, even though over 50% of the students stated that they regularly used sunscreen (compared with 26% in 2004). Although high, the sunburn rate is similar to other studies for schoolchildren in Switzerland [13] and Italy [14] . In 2012, 43% of the students had been sunburnt the previous year and over a third had been sunburnt on more than two occasions. Previous findings suggest that sunscreen application is frequently suboptimal, leading to prolonged sun exposure and consequently to sunburn [15] .
Typical factors associated with unexpected sunburn are the application of thin layers, use of excessively liquid formulations, poor distribution of spray, and failure to reapply after swimming (less than 20% in this study) [15, 16] . Sunscreen use gives a false sense of security, prolonging the exposure time and enhancing the risk of sunburn [17] . The use of sunscreens should continue to be recommended, but always in combination with other protective measures, such as shade, hats, sunglasses, and clothes (covering the neckline and forearms, with appropriate material) [18] [19] [20] . A high proportion of children provided correct answers to the questions addressing their knowledge. The questions are all covered in the Play and Learn with Jo Spots book. Despite the disparities in behaviour in different settings (even with improvement over eight years), the majority of the students were aware that the intensity of the sun's rays is the same at the beach and in the school playground, and that protection is necessary whenever it is sunny. A large proportion of children were also familiar with the importance of using adequate protection (hats, shirts, shade, and sunscreen). More children incorrectly stated that sunscreen provided greater protection than wearing a shirt in 2012 (64% vs 58%; p = 0.003) and about 25% of children believed that all sunscreens protect equally. This misconception could be the result of mass marketing campaigns by the sunscreen industry, which should be duly monitored by the authorities responsible.
More than 50% of children wear a hat when exposed to the sun at school, as reported in the literature [21] . As in other studies [22] , hats and sunscreens are still used more at the beach than at school (90% vs 60% and 50% vs 35%, respectively) or other outdoor settings [23] . Sunburn mostly occurs during beach holidays [14] . UV exposure time is usually much longer during holiday periods because parents are less strict with regards to the length of time children are outside. Parents should therefore also be a target of primary prevention campaigns. Regarding the school setting, protective measures employed during playtime and lunch breaks (when the UV index is at its peak) should be the same as those used at the beach. There is room for improvement in this area. An ideal time to promote good sun-protective behaviour would appear to be during childhood [8, 10] . Our findings confirm that schools are an adequate setting for educational interventions targeting sun-protective attitudes and behaviours, supporting previous reports [3] . Overall, we observed an improvement in behaviour between 2004 and 2012, confirming that it is worth continuing efforts targeting young children. However, patience and persistence are needed as, while knowledge may be acquired rapidly, changes in attitudes and behaviour take longer [24] [25] [26] [27] . Although the value of written educational material at schools has been debated in the literature [28] [29] [30] , the use of the Play and Learn with Jo Spots book over the eightyear period may have contributed to the positive results observed. The educational sessions held with the teachers each spring are also important as they equip teachers with the knowledge they need to convey the relevant information to their students and help bring about changes in school practices and infrastructure (e.g. timing of outdoor activities, use of shade). We emphasize the importance of supporting the development of healthy sun-related habits early in life, as this may be much more effective and long-lasting than efforts to reverse poor habits at a later stage [31] . Primary prevention of skin cancer should be integrated into the school curriculum for children, starting from at least the age of six years. Parents and educators, however, should also ensure the protection of preschool children and take the opportunity to teach simple measures [14, 32, 33] . Further studies are needed to better understand how changes in sun exposure-related knowledge and behaviour in primary schools should be managed.
